Introduction
Concentrated acetic acid is a colorless liquid with a specific smell and has a uniquely destructive, corrosive impact on the mucosa of the eyes, nose, throat and lungs. It can be produced by 2 different processes, either with alcohol and aldehyde oxidation or through the distillation of woods and carbohydrates (1).
The production, marketing and trading of acetic acid is strictly controlled in the countries of the European Union and in the United States, which is not case in the countries of the Middle East, China, Thailand, Russia and the Balkans, where
Materials and methods
We retrospectively analyzed material from a 10-year period, from 2006 to 2015. All patients were admitted to hospital in no later than 8 hours after acetic acid ingestion, excluding 2 patients who were found in their homes by the police and transferred to hospital after an interval of 15 hours. From the total number of hospitalized patients, due to the seriousness of the gastrointestinal injuries, 3 of them were immediately transferred to the surgical unit where they underwent urgent surgical treatment. Two of them, due to the extensive systemic complications, ended lethally, and 1 of them was transported to a neighboring country, on the request of his family.
A standardized protocol was designed especially for this study and all the patients' data -including clinical condition, findings after urgent esophagogastroduodenoscopy, classification of post-corrosive changes of the upper gastrointestinal system, findings after control esophagogastroduodenoscopy, laboratory findings, active methods used and systemic complications described -can be found in this protocol database.
Urgent esophagogastroduodenoscopy was performed in all patients during the first 24 hours after ingestion, except in 3 of them who had significant contraindications to this procedure. Control esophagogastroduodenoscopy was performed 15 to 25 days after ingestion. We used an Olympus endoscope with a diameter of 9.2 mm for upper endoscopy. To facilitate the procedure, we used xylocaine gel as a local anesthetic and 10 mg of diazepam given intramuscularly to enhance relaxation. Methods like insufflation and retro visualization were done very carefully due to the great risk of causing additional iatrogenic injury.
Post-corrosive injuries were classified according to the Kikendal classification (Tab. I).
After admission to hospital, within the first 12 hours all patients were placed in the intensive care unit.
We analyzed many different parameters, including patient age, gender, motives for ingestion (accident or suicide), grade of post-corrosive injuries and development of early and/or late post-corrosive complications. Patients who indicated that they ingested acetic acid for suicidal purposes received additional psychiatric counseling. The precise amount of ingested acetic acid is rarely known because our patients usually report smaller amounts. We calculate the amount of ingested acid by the number of swallows, assuming that 10 mL can be swallowed in 1 sip, and that our patients usually have 2 to 5 sips, which is 20 to 50 mL of acetic acid. The amount of ingested acetic acid is directly correlated with the occurrence of renal failure and also with its severity.
The protocol for treatment was designed according to the extension of the post-corrosive injuries, sorted after the performance of urgent esophagogastroduodenoscopy. Patients were treated with intensive hyper alimentation (enteral or parenterally), H 2 blockers, protein pump inhibitors, antibiotics and symptomatic therapy.
Acute renal injury, as defined by KDIGO guidelines, is as follows: increase in serum creatinine by 26.5 µmol/L within 48 hours; increase in serum creatinine of more than 1.5 times baseline, which is known or presumed to have occurred within the prior 7 days; or urine volume of less than 0.5 mL/kg per hour for 6 hours. Although this is one of the most cited guidelines for defining acute renal injury, we used different criteria.
Our criteria for defining a state of acute renal injury was rapid increase in the serum concentrations of creatinine, 150 mmol/L and greater, which required an immediate consultation with a nephrologist for an assessment and eventually initiation of a hemodialysis protocol. In order to measure the kidney function, we used a calculated glomerular filtration rate. Creatinine clearance was measured according to the Cockroft-Gault formula. All the parameters needed for calculation (plasma creatinine level, age, gender and weight) were found in patient clinical records. The need for renal replacement therapy was also established by clinical and laboratory assessment: occurrence of edema, retention of fluid, arterial hypertension, metabolic acidosis, hyperkalemia, accumulation of uremic toxins as estimated by the serum level of urea and creatinine. The clearance of acetic acid by dialysis was not measured. We supported acutely compromised renal function until recovery.
Patients with a need of hemodialysis (HD) treatment underwent 3 to 4 hours of HD sessions every day or every second day, according to clinical assessment, as needed, until recovery of kidney function. Bicarbonate bath hemodialysis was performed using a high flux synthetic membrane of 1.3 to 1.5 m 2 . The blood flow during the HD session was 250 mL/ min, and the dialysate flow 500 mLl/min. Anticoagulation was secured by heparin, with a careful control of the bleeding time, to minimize the risk of systemic bleeding. Vascular access was enabled through a double lumen, large bore, temporary central venous catheters inserted in the femoral or jugular vein.
Gastrointestinal perforation, the most severe injury, was diagnosed with native x-ray of the abdomen. Surgical treatment was performed after consulting a digestive surgeon.
Results
During the mentioned time frame of 10 years we had a total of 6,106 patients with a different kinds of intoxication, of which 71 (1.1%) ingested acetic acid; 47 (66.1%) were female and 24 (33.8%) were male. The patient age was in the interval of 42.52 ± 17.37 years, where the minimal age was 18 and the maximum age was 74 years. Suicidal intention for ingestion was described in 65 (91.5%) patients and accidental ingestion in only 6 (8.4%) of them. All patients were transferred and hospitalized at the University Clinic for toxicology and urgent internal medicine during the first 24 hours after ingestion. In all patients, except 3 of them, urgent esophagogastroduodenoscopy was performed in the first 24 hours in the same institution. Classification of post-corrosive injuries was made using the Kikendal classification, according to which no grade-I injury was found in our group of patients (Tab. I). Grade II A injuries were described in 16 (22.5%) patients, grade II B in 36 (50.7%), grade III in 17 (23.9%) and grade IV in 2 (2.8%). Three patients were excluded from urgent esophagogastroduodenoscopy due to the absolute contraindication to this procedure, such as acute gastrointestinal bleeding, severe hemorrhage and shock.
Of the total number of patients who ingested acetic acid 5 (7.4%) died and 2 of them had severe acute gastrointestinal complications during the acute phase (first 96 hours after ingestion). The rest of the deceased patients developed severe systemic complications, such as acute renal failure, acute liver failure and disseminated intravascular coagulation.
In 28 (39.4%) of patients, we measured serum creatinine concentrations of 150 mmol/L and greater, which classified them in the group of patients with acute renal failure. In 10 (14%) of patients, despite the intensive therapy (intravenous fluids, diuretics, vasopressive agents) the serum creatinine and potassium concentrations were severely altered. These patients required a consultation with a nephrologist and further treatment with an active method as hemodialysis. The greatest number of hemodialysis sessions performed in a single patient was 5 and smallest was 1. We were faced with additional complications in 4 patient: due to the anti-coagulative therapy used during the hemodialysis they had intensive gastrointestinal bleeding and desired supplementary therapy. Due to this type of complication 1 of our patients,died during a single course of hemodialysis (Tabs. II and III).
Patients with acetic acid poisonings develop acute renal failure during the first 24 hours of the intoxication. First we try to manage the symptoms with a conservative approach, but in patients with defined renal failure we start hemodialysis during the next 3 to 5 days.
Fifty-three (74.6%) of the patients did not require anything more than the conservative treatment and they were discharged from hospital in a better condition with a potential risk for development of late, post-corrosive damages, such as stenosis and strictures of the upper gastrointestinal tract. The patients who did not develope acute renal failure were also put in this group.
Discussion
The main purpose of the treatment in acute acetic acid poisonings is to use a therapy that can initially prevent potential gastrointestinal perforation and development of progressive fibrosis, which leads to late post-corrosive complications, such as esophageal and gastric stenosis. In the therapy protocol we include protein pump inhibitors, H 2 blockers, antibiotics and intensive hyper alimentation. Perforation of parts in the gastrointestinal system, mainly esophageal or gastric, can only be treated surgically (9, 10) .
Investigation of this subject showed us that there are only a few publications that have researched intoxications with concentrated acetic acid and they usually include a small number of cases, often case reports or case report series of 2 or 3 patients (11).
As chemical agents, acids cause metabolic acidosis and hemolysis of erythrocytes after being ingested in the human body. Concentrated acetic acid also causes systemic complications because it has a direct cytotoxic effect on the erythrocytes (12) . The real mechanism of renal toxicity and development of an acute renal failure is still not fully known and described. In one study of 118 patients who died after ingestion of concentrated acetic acid, the authors reported that the renal changes are similar to those seen in acute hemoglobinuric nephrosis. During his research, Schardijn found that patients with acute acetic acid intoxications had an elevated urinary excretion of β2 microglobulines, alanine aminopeptidase and N-acetylglucosaminidase. According to these results, acute renal failure develops as a result of a direct toxic effect of the acetic acid on the renal tubules, indirectly as a result of the hemoglobinuria, or a combination of both. The pathogenesis of acute kidney injury in acetic acid poisoning is explained by the hemolysis -massive hemoglobinuria causing injury of the proximal tubular epithelial cells. Degeneration and death of the epithelial cells was followed by their regeneration and recovery, typical for acute kidney injury.
Clinically, we observed transient oliguria and the rise of serum creatinine and urea. Acute corrosive intoxications Patients discharged without complications 43 60.5
Patients with lethal ending 5 7 cause severe damages to the upper gastrointestinal tract. In acetic acid intoxications gastrointestinal damages are additionally complicated due to the systemic changes and they complicate the patients' state and can lead to a lifelong disability or cause death. Treatment of these patients is often very expensive and represents an important burden to the health care system. According to one financial report, during 2009 in the United States a total of $22,900,000 was spent in the treatment of acute corrosive poisonings, mainly on additional interventions performed to provide a better quality of life (13) . Concentrated acetic acid is the most dangerous corrosive agent of all and causes serious damage to the upper gastrointestinal tract, systemic complications, acute liver, acute renal failure and diminished coagulation, even when ingested in minimal amounts. The main reasons for death in these patients are serious and severe systemic complications (14, 15) . In one study of 75 patients with acetic acid intoxication, 24% developed systemic complications and 45% died. Another study analyzed a total number of 179 intoxicated patients of which 24% had systemic complications, and of 20 patients who ingested acetic acid, 9 died (45%), due to hemorrhage, hemolysis, multisystem organ failure or sepsis. In our group, the lethality rate was 7% and the main cause of death was gastrointestinal complications during the first 96 hours. Only 2 patients in our study died after developing serious systemic complications (16, 17) .
A study on 400 patients reported that 141 (35%) patients developed acute renal failure with a lethality rate of 64%. Suicidal intention for intoxication leads to ingestion of greater amounts of acetic acid and more complicated poisonings with potentially fatal endings. The same study showed that 252 (63%) of the cases ingested the acid intentionally and 148 (37%) accidentally. An interesting fact emerged in this study: actually 76 (19%) of the subjects ingested the concentrated acetic acid together with alcohol (vodka).
Other studies that have researched this subject also describe patients with serious oropharyngeal injuries (4, 18, 19) . One Russian study published in 2008 showed a mortality rate of 13.6% and the leading cause of fatal endings in intoxications was revealed to be acetic acid poisonings (20) . In the same study, 67 (16.7%) patients were treated with hemodialysis. Due to the high rate of massive gastrointestinal bleeding, patients were given 4% sodium citrate, excluding the heparin from the protocol, which partially reduced the number of patients with complications during hemodialysis. Despite the contemporary therapy protocol, 48 patients had severe hemorrhage approximately on the 10 th day of hospitalization and that was the main cause for fatalities in patients with acute renal failure (21) .
Acetic acid does not bind to plasma proteins. Therefore, plasmapheresis would not be useful in the treatment of acute acetic acid poisoning. We used hemodialysis as renal replacement therapy to treat the acute kidney injury caused by the massive hemoglobinuria through the damage of the proximal tubular epithelial cells. Hemodialysis treatment was initiated whenever the acute kidney injury was severe and could not be overcome by conservative measures. In our study, 10 patients developed acute renal failure and required hemodialysis. All the patients that went on hemodialysis had normal renal function on the follow-ups. In this group of patients, we had late complications such as gastrointestinal bleeding due to the anticoagulant therapy used.
Potentially late, post-corrosive complications for these patients include the development of esophageal stenosis and strictures, pyloric stenosis, gastric and esophageal cancer, pneumonias and coagulation disorders (22).
Conclusions
Acute corrosive intoxications as a result of acetic acid ingestion cause serious damage to the organic systems, which lead to severe injuries to the upper gastrointestinal system and systemic complications such as renal failure, liver failure, pneumonias, and disseminated intravascular coagulation. These intoxications still have high mortality rates.
We need to study this kind of poisoning more rapidly and be more cautious, implementing a protection system to ban unrestricted sales of concentrated acetic acid, promoe better marketing, adequate packing, labeling, transportion and storage of this chemical agent. We must educate healthcare workers and the population about the potentially harmful effects of acetic acid.
In cases of severe acute poisoning with acetic acid, in which patients develop acute renal failure, hemodialysis as an active method is still a management of choice. Hemodialysis is a therapeutic protocol used to correct the renal injuries that develop secondarily as a result of the toxic effect of the acetic acid on the erythrocytes. Acetic acid primarily causes injuries to the upper gastrointestinal tract.
In patients treated with hemodialysis, we must pay great attention to the potential risk of fatal bleeding due to the use of heparin, a state that can cause severe hemorrhagic shock and fatality.
For clinicians working in this field of clinical toxicology, it is important to note that hemodialysis, as a part of the active management of acetic acid intoxication, should be performed until stabilization of the renal function is established.
Disclosures
Financial support: No grants or funding have been received for this study. Conflict of interest: None of the authors has financial interest related to this study to disclose.
